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(57) ABSTRACT 

The present invention is a myocardial lead attachment 
system for securing a distal end of a lead Within a myocar 
dium of a patient’s heart. The system includes an anchor, a 
tether coupled to the anchor, and a delivery instrument for 
receiving and advancing the anchor through a tract in the 
heart from a proximal entrance site to a distal exit site in 
such a manner that the tether extends proximally from the 
anchor through the tract. The delivery instrument includes a 
needle having a distal tip and a nest. The nest is positioned 
proximal to the distal tip and is siZed to receive the anchor. 
The delivery instrument further includes an ejection mecha 
nism for ejecting the anchor from the nest. 
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MYOCARDIAL LEAD ATTACHMENT SYSTEM 

CROSS REFERENCES 

[0001] The present application claims the bene?t of the 
following US. Provisional Applications: application Ser. 
No. 60/514,037 ?led Oct. 24, 2003, entitled “Absorbable 
Myocardial Lead Fixation System”, application Ser. No. 
60/514,665 ?led Oct. 27, 2003, entitled “Lead Electrode 
Arrangement for Myocardial Leads”, application Ser. No. 
60/514,042 ?led Oct. 24, 2003, entitled “Tapered Tip for 
Myocardial Lead”, application Ser. No. 60/514,714 ?led 
Oct. 27, 2003, entitled “Minimally-Invasive Fixation Sys 
tems for Over-the-Tether Myocardial Leads”, application 
Ser. No. 60/514,039 ?led Oct. 24, 2003, entitled “Distal or 
Proximal Fixation of Over-the-Suture Myocardial Leads”, 
application Ser. No. 60/514,146 ?led Oct. 24, 2003, entitled 
“Myocardial Lead With Fixation Mechanism”, application 
Ser. No. 60/514,038 ?led Oct. 24, 2003 entitled “Delivery 
Instrument for Myocardial Lead Placement” and application 
Ser. No. 60/514,713 ?led Oct. 27, 2003, entitled “Drug 
Eluting Myocardial Leads”, all of Which are incorporated 
herein by reference. 

[0002] Reference is hereby made to the folloWing com 
monly assigned US. patent application Ser. No. 10/821,421, 
?led Apr. 9, 2004, entitled “Cardiac Electrode Anchoring 
System” and the folloWing commonly assigned US. Patent 
applications ?led on an even date hereWith, all of Which are 
incorporated herein by reference: application Ser. No. 

, entitled “Myocardial Lead”, application Ser. No. 
entitled “Distal or Proximal Fixation of Over-the 

Tether Myocardial Leads”, application Ser. No. , 
entitled “Myocardial Lead With Fixation Mechanism” and 
application Ser. No. , entitled “Absorbable Myocar 
dial Lead Fixation System.” 

FIELD OF THE INVENTION 

[0003] This invention relates generally to implantable lead 
assemblies for stimulating and/or sensing electrical signals 
in muscle tissue. More particularly, it relates to myocardially 
implanted leads for cardiac stimulation and systems for 
anchoring the leads. 

BACKGROUND OF THE INVENTION 

[0004] Cardiac rhythm management systems are used to 
treat heart arrhythmias. Pacemaker systems are commonly 
implanted in patients to treat bradycardia (i.e., abnormally 
sloW heart rate). A pacemaker system includes an implant 
able pulse generator and leads, Which form the electrical 
connection betWeen the implantable pulse generator and the 
heart. An implantable cardioverter de?brillator (“ICD”) is 
used to treat tachycardia (i.e., abnormally rapid heart rate). 
An ICD also includes a pulse generator and leads that deliver 
electrical energy to the heart. 

[0005] The leads coupling the pulse generator to the 
cardiac muscle are commonly used for delivering an elec 
trical pulse to the cardiac muscle, for sensing electrical 
signals produced in the cardiac muscle, or for both deliver 
ing and sensing. The leads are susceptible to categoriZation 
according to the type of connection they form With the heart. 
An endocardial lead includes at least one electrode at or near 
its distal tip adapted to contact the endocardium (i.e., the 
tissue lining the inside of the heart). An epicardial lead 
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includes at least one electrode at or near its distal tip adapted 
to contact the epicardium (i.e., the tissue lining the outside 
of the heart). Finally, a myocardial lead includes at least one 
electrode at or near its distal tip inserted into the heart 
muscle or myocardium (i.e., the muscle sandWiched 
betWeen the endocardium and epicardium). Some leads have 
multiple spaced apart distal electrodes at differing polarities 
and are knoWn as bipolar type leads. The spacing betWeen 
the electrodes can affect lead performance and the quality of 
the electrical signal transmitted or sensed through the heart 
tissue. 

[0006] The lead typically consists of a ?exible conductor 
surrounded by an insulating tube or sheath that extends from 
the electrode at the distal end to a connector pin at the 
proximal end. Endocardial leads are typically delivered 
transvenously to the right atrium or ventricle and commonly 
employ tines at a distal end for engaging the trabeculae. 

[0007] The treatment of congestive heart failure (“CHF”), 
hoWever, often requires left ventricular stimulation either 
alone or in conjunction With right ventricular stimulation. 
For example, cardiac resynchroniZation therapy (“CR ”) 
(also commonly referred to as biventricular pacing) is an 
emerging treatment for heart failure, Which requires stimu 
lation of both the right and the left ventricle to increase 
cardiac output. Left ventricular stimulation requires place 
ment of a lead in or on the left ventricle near the apex of the 
heart. One technique for left ventricular lead placement is to 
expose the heart by Way of a thoracotomy. The lead is then 
positioned so that one or more electrodes contact the epi 
cardium or are embedded in the myocardium. Another 
method is to advance an epicardial lead endovenously into 
the coronary sinus and then advance the lead through a 
lateral vein of the left ventricle. The electrodes are posi 
tioned to contact the epicardial surface of the left ventricle. 

[0008] The left ventricle beats forcefully as it pumps 
oxygenated blood throughout the body. Repetitive beating of 
the heart, in combination With patient movement, can some 
times dislodge the lead from the myocardium. The elec 
trodes may lose contact With the heart muscle, or spacing 
betWeen electrodes may alter over time. 

[0009] There is a need for an improved myocardial pacing 
lead suitable for chronic implantation and a minimally 
invasive delivery system and method for implanting such a 
lead. 

SUMMARY OF THE INVENTION 

[0010] The present invention, according to one embodi 
ment, is a myocardial lead attachment system for securing a 
distal end of a lead Within a myocardium of a patient’s heart. 
The system includes an anchor, a tether coupled to the 
anchor and a delivery instrument for receiving the anchor 
and advancing the anchor through a tract in the heart from 
a proximal entrance site to a distal exit site in such a manner 
that the tether extends proximally from the anchor through 
the tract. The delivery instrument includes a needle having 
a distal tip and a nest positioned proximal to the distal tip 
that is siZed to receive the anchor and an ejection mechanism 
for ejecting the anchor from the nest. 

[0011] The present invention, according to another 
embodiment, is a myocardial lead attachment system for 
securing a distal end of a lead Within a myocardium of a 



US 2005/0113901 A1 

patient’s heart. The system includes an anchor having a 
longitudinal bore extending therethrough, a tether coupled to 
the anchor and a delivery instrument for receiving the 
anchor and advancing the anchor through a tract in the heart 
from a proximal entrance site to a distal exit site in such a 
manner that the tether extends proximally from the anchor 
through the tract. The delivery instrument includes a needle 
having a proximal end, a distal end formed With a nest for 
receiving the anchor and a central lumen extending there 
through. The delivery instrument further includes a stylet 
slidably received in the needle lumen and the anchor bore 
and an ejector plug formed on the stylet for engaging the 
anchor. 

[0012] The present invention, according to another 
embodiment, is a method for using a delivery instrument to 
implant a myocardial lead having at least a ?rst electrode 
With a delivery instrument into a heart. Amyocardial anchor 
coupled to a tether. is mated to a distal end of the delivery 
instrument. The distal end of the delivery instrument is 
advanced through a tract in the heart. The anchor is deployed 
into the heart. The delivery instrument is WithdraWn through 
the tract in such a manner that the tether extends through the 
tract. Amyocardial lead is threaded onto the tether. The lead 
is advanced over the tether into the heart. 

[0013] This summary is not intended to describe each 
embodiment or every implementation of the present inven 
tion. Advantages and a more complete understanding of the 
invention Will become apparent upon revieW of the detailed 
description and claims in conjunction With the accompany 
ing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a schematic vieW of a portion of the 
vasculature and a myocardial lead attachment system 
according to one embodiment of the present invention. 

[0015] FIG. 2 is a side vieW of a delivery instrument for 
use in conjunction With the myocardial lead attachment 
system of FIG. 1 according to one embodiment of the 
present invention. 

[0016] FIG. 3A is a side vieW of a distal portion of the 
delivery instrument of FIG. 2 according to one embodiment 
of the present invention. 

[0017] FIG. 3B is a side vieW of the distal portion of the 
delivery instrument of FIG. 2 according to another embodi 
ment of the present invention. 

[0018] FIG. 3C shoWs a side sectional vieW of the distal 
portion of the delivery instrument shoWn in FIG. 3A. 

[0019] FIG. 3D is a perspective vieW of the distal portion 
of the delivery instrument shoWn in FIG. 3A. 

[0020] FIG. 4A is a sectional vieW of a proximal portion 
of the delivery instrument of FIG. 2 according to one 
embodiment of the present invention. 

[0021] FIG. 4B is a perspective vieW of a distal portion of 
the delivery instrument of FIG. 2 according to one embodi 
ment of the present invention. 

[0022] FIG. 4C is a partial sectional vieW of a distal 
portion of the delivery instrument of FIG. 2 according to 
another embodiment of the present invention. 
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[0023] FIG. 5A is a side vieW of an adjustable length 
delivery instrument in an extended position according to one 
embodiment of the present invention. 

[0024] FIG. 5B is a side vieW of the delivery instrument 
of FIG. 5A in a retracted position. 

[0025] FIG. 6 is a sectional side vieW of a portion of an 
adjustable length delivery instrument according to another 
embodiment of the present invention. 

[0026] FIG. 7 is a sectional vieW of a distal portion of a 
delivery instrument for use in conjunction With the myocar 
dial lead attachment system of FIG. 1 according to one 
embodiment of the present invention. 

[0027] FIG. 8 is a sectional vieW of a distal portion of a 
delivery instrument for use in conjunction With the myocar 
dial lead attachment system of FIG. 1 according to another 
embodiment of the present invention. 

[0028] FIG. 9 is a sectional vieW of a distal portion of a 
delivery instrument for use in conjunction With the myocar 
dial lead attachment system of FIG. 1 according to still 
another embodiment of the present invention. 

[0029] FIG. 10 is a sectional side vieW of a distal portion 
of a delivery instrument for use in conjunction With the 
myocardial lead attachment system of FIG. 1 according to 
yet another embodiment of the present invention. 

[0030] FIG. 11 is a sectional side vieW of a distal portion 
of a delivery instrument for use in conjunction With the 
myocardial lead attachment system of FIG. 1 according to 
another embodiment of the present invention. 

[0031] FIG. 12 is a side vieW of a distal portion of a 
delivery instrument for use in conjunction With the myocar 
dial lead attachment system of FIG. 1 according to still 
another embodiment of the present invention. 

[0032] FIG. 13 is a side vieW of a delivery instrument for 
use in conjunction With the myocardial lead attachment 
system of FIG. 1 according to another embodiment of the 
present invention. 

[0033] FIG. 14 is a side vieW of a delivery instrument for 
use in conjunction With the myocardial lead attachment 
system of FIG. 1 according to another embodiment of the 
present invention. 

[0034] FIG. 15A is a sectional vieW of the heart sche 
matically illustrating the use of a delivery instrument in 
conjunction With a myocardial lead attachment system in an 
epicardial-epicardial procedure according to one embodi 
ment of the present invention. 

[0035] FIG. 15B is a sectional vieW of the heart sche 
matically illustrating the use of a delivery instrument in 
conjunction With a myocardial lead attachment system in an 
epicardial-endocardial con?guration according to one 
embodiment of the present invention. 

[0036] FIG. 15C is a sectional vieW of a portion of the 
heart schematically illustrating the use of a delivery instru 
ment in conjunction With a myocardial lead attachment 
system in an intra-myocardial procedure according to 
another embodiment of the present invention. 

[0037] FIG. 15D is a sectional vieW of a portion of the 
heart schematically illustrating the use of a delivery instru 
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ment in conjunction With a myocardial lead attachment 
system in a pericardial-pericardial procedure according to 
yet another embodiment of the present invention. 

[0038] FIG. 16A is a sectional vieW of a portion of the 
heart and a schematically illustrated distal portion of a 
myocardial lead attachment system having a unipolar elec 
trode arrangement according to one embodiment of the 
present invention. 

[0039] FIG. 16B is a sectional vieW of a portion of the 
heart and a schematically illustrated distal portion of a 
myocardial lead attachment system having a pseudo-unipo 
lar electrode arrangement according to one embodiment of 
the present invention. 

[0040] FIG. 16C is a sectional vieW of a portion of the 
heart and a schematically illustrated distal portion of a 
myocardial lead attachment system having a pseudo-unipo 
lar electrode arrangement according to yet another embodi 
ment of the present invention. 

[0041] FIG. 16D is a sectional vieW of a portion of the 
heart and a schematically illustrated distal portion of a 
myocardial lead attachment system having a pseudo-unipo 
lar electrode arrangement according to still another embodi 
ment of the present invention. 

[0042] FIG. 16E is a sectional vieW of a portion of the 
heart and a schematically illustrated distal portion of a 
myocardial lead attachment system having a bipolar elec 
trode arrangement according to another embodiment of the 
present invention. 

[0043] While the invention is amenable to various modi 
?cations and alternative forms, speci?c embodiments have 
been shoWn by Way of example in the draWings and are 
described in detail beloW. The intention, hoWever, is not to 
limit the invention to the particular embodiments described. 
On the contrary, the invention is intended to cover all 
modi?cations, equivalents, and alternatives falling Within 
the scope of the invention as de?ned by the appended 
claims. 

DETAILED DESCRIPTION 

[0044] FIG. 1 shoWs a myocardial lead attachment system 
10 deployed in a human heart 12 according to one embodi 
ment of the present invention. The heart 12 includes a right 
atrium 14 and a right ventricle 16 separated from a left 
atrium 18 and a left ventricle 20 by a septum 22. During 
normal operation of the heart 12, deoxygenated blood is fed 
into the right atrium 14 through the superior vena cava 24 
and the inferior vena cava 26. The deoxygenated blood ?oWs 
from the right atrium 14 into the right ventricle 16. The 
deoxygenated blood is pumped from the right ventricle 16 
into the lungs, Where the blood is re-oxygenated. From the 
lungs the oxygenated blood ?oWs into the left atrium 18, 
then into the left ventricle 20. The left ventricle 20 beats 
forcefully to pump the oxygenated blood throughout the 
body. 

[0045] The outer Walls of the heart 12 are lined With a 
tissue knoWn as the epicardium 28. The inner Walls of the 
heart are lined With a tissue knoWn as the endocardium 30. 
The heart muscle, or myocardium 32, is sandWiched 
betWeen the endocardium 30 and the epicardium 28. Atough 
outer pericardial sac 33 surrounds the heart 12. 
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[0046] The myocardial lead attachment system 10 
includes a pulse generator 34 coupled to a myocardial lead 
36. The pulse generator 34 is typically implanted in a pocket 
formed, underneath the skin of the patient’s chest or abdomi 
nal region. The lead 36 extends from the pulse generator 34 
to the heart 12 and is implanted in the myocardium 32 near 
an apex 38 of the heart 12. The lead 36 delivers electrical 
signals from the pulse generator 34 to an electrode located 
at or near a distal tip to accomplish pacing of the heart 12 
(not shoWn in FIG. 1). An anchor mechanism 44 is coupled 
to the lead 36 via a tether 45 to secure the lead 36 to the heart 
12 and to retain the electrode in a chosen location. 

[0047] According to one embodiment, and generally 
shoWn in the folloWing ?gures, the anchor mechanism 44 is 
an elongated T-bar, in Which the tether 45 is coupled to the 
anchor mechanism 44 betWeen its opposite ends and pref 
erably at a mid-point to form the “T”. According to other 
embodiments, the anchor mechanism 44 has any other shape 
suitable for forming an anchor against the heart 12 to retain 
the lead 36 in the desired location. An important feature of 
the anchor mechanism 44 is that its shape is con?gured to 
engage the heart tissue folloWing implantation through a 
tract (not visible in FIG. 1) in the heart 12 to reduce the 
likelihood of re-entry of the anchor mechanism 44 into the 
tract. According to one embodiment, the length of the anchor 
mechanism 44 is greater than the diameter of the tract. The 
“T” con?guration is such that tension exerted on the mid 
point of the anchor mechanism 44 via the tether 45 tends to 
position the anchor mechanism 44 cross-Wise over the tract, 
preventing the anchor mechanism from siding proximally 
through the tract. The lead 36 is then advanced over the 
tether 45 into the myocardium 32. The anchor mechanism 44 
resists the tensioning force exerted on the tether 45 such that 
the lead 36 may be easily advanced through the tract. 

[0048] Placement of the lead 36 and anchor mechanism 44 
of FIG. 1 may be accomplished by exposing a portion of the 
heart 12, for example by Way of a sternotomy, thoracotomy 
or mini-thoracotomy. According to other embodiments, the 
heart 12 may be accessed via an endoscopic procedure 
according to knoWn methods. Although shoWn implanted 
near the apex 38, the lead 36 may be implanted in the heart 
12 anyWhere pacing therapy is needed. The anchor mecha 
nism 44 is delivered to the heart 12 With a delivery instru 
ment according to any of the folloWing embodiments. 

[0049] FIG. 2 shoWs a delivery instrument 50 according 
to one embodiment of the present invention. The delivery 
instrument 50 includes a needle portion 58 having a distal tip 
60 and a nest 62. The nest 62 is siZed to receive at least a 
portion of the anchor mechanism 44 (not visible in FIG. 2). 
The delivery instrument 50 further includes an ejection 
mechanism 66 coupled to an actuator (not visible in FIG. 2) 
for ejecting the anchor mechanism 44 from the nest 62. 

[0050] The delivery instrument 50 includes a handle 52 
having a proximal end 54 and a distal end 56. The needle 
portion 58 is coupled to the handle 52 and extends from the 
distal end 56. The needle portion 58 is of a hypotube 
construction With an internal lumen 59. The handle 52 has an 
internal lumen 64 continuous With the needle lumen 59. The 
ejection mechanism 66 is located on the handle 52 and is 
operable Within the internal lumen 64. According to other 
embodiments, the ejection mechanism 66 is located else 
Where on the handle 52. 
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[0051] The handle 52 is sized With a length a and diameter 
b for easy grasping and manipulation. According to one 
embodiment of the present invention, a diameter b of about 
5 mm provides a mechanical advantage allowing stable 
control over the direction of the distal needle tip 60. Further, 
a diameter b of about 5 mm can be used Within a standard 
7 mm or larger thoracic port, Which is commonly used in 
minimally-invasive thoracoscopic procedures to access the 
heart 12. 

[0052] An outer surface 70 of the handle 52 includes a 
surface feature 68. Surface feature 68 may include bumps, 
ribs, or bulging features on the outer surface 70 chosen to 
enhance the friction betWeen the handle 58 and the surgeon’s 
hand. Surface feature 68 advantageously reduces slippage 
betWeen the surgeon’s hand and the handle 52 While in Wet, 
slippery environments. The handle 52 can be made of any 
steriliZable metal or polymeric material, including stainless 
steel, polypropylene, and polyurethane. 

[0053] The shape of the distal needle portion 58 is con 
?gured to facilitate access to the heart 12 via thoracotomy or 
other procedures, such as those mentioned above. According 
to one embodiment of the present invention, the needle 
portion 58 is shaped With a curved portion 72. The shape of 
the curved portion 72 Will be dictated in part by patient 
anatomy (e.g., overall heart siZe, peculiarities in geometry 
due to dilation, epicardial fat, infarct, and vessels), location 
of the thoracotomy (posterior or anterior to an imaginary 
mid-axillary line bisecting the heart 12), and siZe of the 
incision into the heart tissue. According to one embodiment, 
the curved portion 72 has a radius of curvature R72 of about 
22 mm, a shape intended to be approximately What the 
physician Would need for implanting the lead 36 via a 
thoracotomy. According to other embodiments, the radius of 
curvature R72 of curved portion 72 is from about 10 to about 
35 mm (not shoWn). According to other embodiments, the 
curved portion 72 is constructed of multiple curved seg 
ments, or is straight (not shoWn). 

[0054] According to one embodiment, the needle portion 
58 is constructed of stainless steel. The curved portion 72 
may be formed according to a variety of methods. The 
curved portion 72 may be formed by mechanically bending 
the needle portion 58. Alternately, the needle portion 58 is 
heat-set so that the needle portion 58, or a smaller portion 
thereof, is malleable. Achosen curvature can be imparted to 
the needle portion 58 contemporaneous With the implanta 
tion procedure according to the surgeon’s needs. 

[0055] FIG. 3A shoWs a portion of the needle portion 58 
according to one embodiment of the present invention. The 
tip 60 and nest 62 are shoWn as previously described. A 
distal end 60b of the tip 60 is con?gured to minimiZe trauma 
to the myocardium 32 during insertion. This is accomplished 
by dissecting the myocardium 32 as opposed to cutting the 
myocardium 32. According to one embodiment, the tip 60 is 
generally conical in shape, terminating at a slightly rounded 
point. 
[0056] FIG. 3B shoWs another embodiment in Which the 
distal end 60b of the tip 60 is more rounded or blunt than the 
embodiment shoWn in FIG. 3A. Arounded or blunted tip 60 
is understood to be less traumatic and less likely to damage 
coronary vessels When passing through the myocardium 32. 
According to one embodiment, the tip 60 is generally 
isodiametric. An isodiametric con?guration generally exerts 
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force equally on the myocardial tissue 32 about the tip 60 
When passing through tissue. A uniform force distribution 
reduces excessive force on the myocardial tissue 32 in 
directions other than along the axis of dissection. According 
to other embodiments, the tip 60 is provided With a sharp 
cutting edge. 
[0057] The nest 62 is siZed With a length d and a Width e 
chosen such that the nest 62 retains the anchor mechanism 
44 When the needle portion 58 is advanced through the 
myocardium 32 (anchor mechanism 44 not visible in FIGS. 
3A and 3B—see FIG. 3D). According to one embodiment, 
the nest 62 is an elongated slot in the needle portion 58 
opening to the needle lumen 59. The nest 62 further includes 
a tether slot 78 located near its proximal end. The tether slot 
78 is adapted to accept the tether 45 When the needle portion 
58 is advanced through the myocardium 32 (See FIG. 3D). 
[0058] FIG. 3C shoWs the needle portion 58 of FIG. 3A. 
A proximal end 60a of the tip 60 is siZed With a diameter c 
chosen to mate With the needle lumen 59. The nest 62 
includes a distal angled face or ramp 76 facing the interior 
of the nest 62. The. ramp 76 is disposed at an angle 0 relative 
to a longitudinal axis 77 of the needle 58. 

[0059] FIG. 3D shoWs the anchor mechanism 44 received 
in the nest 62. The anchor mechanism 44 is placed in the slot 
62 and slid proximally into the needle lumen 59. The tether 
45 is received in the tether slot 78, permitting the anchor 
mechanism 44 to be slid further into the lumen 59. The ramp 
76 is inclined aWay from the anchor mechanism 44 at the 
angle 0 at distal sliding of the anchor mechanism 44 along 
the axis 77 causes the anchor mechanism 44 to ride up the 
ramp 76 and out of the nest 62. 

[0060] FIG. 4A shoWs a proximal portion of the handle 52 
and FIG. 4B shoWs a distal portion of the needle portion 58, 
both detailing the ejection mechanism 66. The ejection 
mechanism 66 includes an elongated member 80 extending 
from the proximal end 54 of the handle 52, through the 
handle lumen 64 and needle lumen 59, and terminating 
proximal to the nest 62. Aproximal end 82 of the elongated 
member 80 is operationally coupled to an actuator 84. 
According to one embodiment, the actuator 84 is a depress 
ible button operable to slide the elongated member 80 
distally from a neutral or retracted position to an advanced 
position. FIG. 4B shoWs the elongated member 80 in an 
advanced position such that a distal end 86 of the elongated 
member 80 has engaged the anchor mechanism 44 and is 
pushing the anchor mechanism 44 distally Within the nest 
62. Doing so forces the anchor mechanism 44 to slide 
distally along the ramp 76 and out of the nest 62. 

[0061] According to one embodiment, shoWn in FIGS. 4A 
and 4B, the elongated member 80 is a solid tubular member 
suf?ciently ?exible to navigate the curved portion 72 (see 
FIG. 2) of the needle portion 58. According to another 
embodiment, as shoWn in FIG. 4C, the elongated member 
80 is constructed of a combination of a solid member 88 and 
a helically-Wound member 89. The solid member 88 extends 
through the needle lumen 59 to the curved portion 72 and 
transfers axial force to the distally positioned helical mem 
ber 89, Which extends through the needle lumen 59 at the 
curved portion 72. The helical member 89 is suf?ciently 
?exible to navigate the curved portion 72, While the solid 
member 88 may be rigid. According to other embodiments, 
the elongated member 80 is a rigid member. Elongated 
member 80 may be constructed of a polymer or metal. 












